A Key Evolutionary Mutation Enhances DNA Binding of the FOXP2 Forkhead Domain.
Forkhead box (FOX) transcription factors share a conserved forkhead DNA binding domain (FHD) and are key role players in the development of many eukaryotic species. Their involvement in various congenital disorders and cancers makes them clinically relevant targets for novel therapeutic strategies. Among them, the FOXP subfamily of multidomain transcriptional repressors is unique in its ability to form DNA binding homo and heterodimers. The truncated FOXP2 FHD, in the absence of the leucine zipper, exists in equilibrium between monomeric and domain-swapped dimeric states in vitro. As a consequence, determining the DNA binding properties of the FOXP2 FHD becomes inherently difficult. In this work, two FOXP2 FHD hinge loop mutants have been generated to successfully prevent both the formation (A539P) and the dissociation (F541C) of the homodimers. This allows for the separation of the two species for downstream DNA binding studies. Comparison of DNA binding of the different species using electrophoretic mobility shift assay, fluorescence anisotropy and isothermal titration calorimetry indicates that the wild-type FOXP2 FHD binds DNA as a monomer. However, comparison of the DNA-binding energetics of the monomer and wild-type FHD, reveals that there is a difference in the mechanism of binding between the two species. We conclude that the naturally occurring reverse mutation (P539A) seen in the FOXP subfamily increases DNA binding affinity and may increase the potential for nonspecific binding compared to other FOX family members.